INTRODUCTION
Thrombophilia testing in the setting of acute venous thromboembolism (VTE), including deep venous thrombosis (DVT) and pulmonary embolism (PE), is often inappropriate. Interpretation of many of the biochemical thrombophilia assays is confounded by anticoagulation or acute thrombus, and thrombophilia testing rarely affects immediate clinical decision-making. [1] [2] [3] In an effort to curtail inappropriate thrombophilia testing, the American Society of Hematology (ASH) has issued Choosing Wisely guidelines recommending against thrombophilia testing in patients with VTE in the setting of major transient risk factors (surgery, trauma, and immobility). 4 We evaluated the effect of a BChoosing Wisely^best practice alert (BPA) embedded into the electronic medical record (EMR) on thrombophilia testing patterns.
METHODS
This before-and-after study involved patients with a diagnosis of VTE seen at our center between January 1, 2016 and April 30, 2017. The study was approved by the Stanford University institutional review board.
The EMR-embedded BPA was activated in the outpatient setting on July 1, 2016 and in the inpatient setting on September 1, 2016. The BPA was triggered whenever any of nine prespecified thrombophilia tests were ordered for a non-pregnant adult patient with an encounter listing any of 120 pre-specified ICD-9 and ICD-10 codes related to acute or chronic VTE.
When triggered, the BPA appeared onscreen citing the ASH Choosing Wisely recommendation. Providers had the option of following or overriding the BPA. We tracked alert outcomes and compared adherence by setting, provider type, and provider specialty using Fisher's exact test.
The thrombophilia testing rates (number of thrombophilia tests divided by number of VTE encounters per month) in the pre-and post-BPA periods were calculated using billing data and compared using the Mann-Whitney-Wilcoxon test.
Estimated charge savings associated with the BPA during the study period were based on charges for thrombophilia tests as listed in the hospital charge master. Table 1 summarizes and stratifies BPA adherence. Inpatient alert adherence was significantly higher than outpatient alert adherence (100% vs. 16%, p < 0.001). Non-hematology specialists and general medicine providers (internal medicine and family medicine) were more likely to follow the alert than hematology providers (50% and 44% vs. 10%, p < 0.001 for both).
RESULTS
When comparing the thrombophilia testing rate before and after the implementation of the BPA, we found that the thrombophilia testing rate did not change significantly in the inpatient setting, but it decreased significantly in the outpatient setting from 0.13 to 0.11 (p = 0.01) post-BPA implementation (Table 2) .
During the study period, estimated charges avoided were $290,430, based on the assumption that each BPA followed prevented the entire bundle of thrombophilia tests associated with the BPA from being ordered.
DISCUSSION
An EMR-integrated thrombophilia BPA was effective in influencing thrombophilia test ordering in both inpatient and outpatient settings, particularly among non-hematology specialists and general medicine providers. After hematologists, general medicine providers were the provider group most likely to see the BPA.
In the inpatient setting, the BPA had a remarkable follow rate of 100%, reflecting the fact that most inpatient thrombophilia work-ups are inappropriate.
1, 2, 5 Conversely, the BPA was infrequently followed in the outpatient setting and among hematologists. This is unsurprising, as Published online September 13, 2018 thrombophilia testing is more often appropriate in the outpatient setting and hematologists are more likely to see complex cases where thrombophilia testing is appropriate. Importantly, the BPA appeared to be highly relevant and actionable for general medicine providers and non-hematology specialists, who followed the alert 40-50% overall and 20-25% of the time in the outpatient setting.
Compared to some previously described interventions, EMR-based BPAs without a hard stop on ordering have the benefit of being less labor-intensive for both the stewards of thrombophilia testing and those ordering the tests.
3, 5 EMRbased BPAs have previously been shown to effectively nudge providers towards other forms of guideline-based care, such as for appropriate transfusion thresholds. 6 Our study reflects the experience of a single institution and is limited by relatively small alert volume and short duration of follow-up. Evaluation of the long-term effects of the BPA and whether it leads to sustainable change will be undertaken.
In conclusion, we found that an EMR-integrated BPA had positive effects on curtailing thrombophilia testing. This is particularly relevant to general medicine providers, who order a substantial proportion of total thrombophilia tests. Similar interventions could be implemented and studied on a larger scale. 
